receptors. In contrast, the ␣1 subunit of GABA A receptor, 6 These authors contributed equally to this work. 7 Deceased.
which has been shown to coimmunoprecipitate with the GST-NR1-1a CT and GST-NR2A CT , but not GST-NR2B CT or GST alone, could precipitate solubilized hippocampal All blots were probed in parallel with GST antibody to confirm equivalent protein loading (data not shown). and NMDA receptors confer functional relevance, we tested if D1 receptors can modulate NMDA currents In order to confirm these results and to delineate the region of the D1 CT involved in the interaction with the independent of PKA and/or PKC activation. As illustrated in Figure 2A , in HEK-293 cells coexpressing D1  NR1-1a/2A subunits, three D1 CT GST-fusion proteins  and mini-genes (D1-t1:A 357 -N 386 , D1-t2:L 387 -L 416 , and D1-and NR1- receptor currents by 28 Ϯ 3% and 26 Ϯ 6% (n ϭ 11, P Ͻ 0.01), while the decay time constant was not changed. not GST-D1-t1, GST-D1-t2, or GST ( Figure 1F, bottom) . Therefore, it appears that the CT of the D1 receptor Control cells expressing only NMDA receptors were not responsive to SKF 81297 (data not shown). Moreover, contains two separate domains that can mediate direct interactions with distinct subunits of the NMDA re-SKF produced a decrease in the slope of the currentvoltage curve with no change in the reversal potential ceptor.
To explore whether these motifs are sufficient for the ( Figure 2B ), suggesting that SKF-induced inhibition of the NMDA currents were due to reductions in NMDA interaction between the D1 and NMDA receptors, we examined the ability of purified peptides encoding D1-receptor-activated whole-cell membrane conductance. These data provided evidence that D1 receptor activat2 and D1-t3 to block the direct binding of NR1-1a:D1-t2 and NR2A:D1-t3. As demonstrated by in vitro binding tion modulates NMDA currents through a PKA/PKC independent pathway. assays ( Figure 1G ), the ability of the GST-NR1-1a CT Figure 1H (top), in cultured rat hippocampal neurons, D1 and NMDA receptors could associate without exogeeffect on NMDA currents; however, the D5 inhibition of NMDA currents was not significantly affected by the nous D1 receptor agonist stimulation. Interestingly, stimulation of D1 with the agonist SKF 81297 resulted intracellular application of the D1-t3 peptide ( Figure 2C ). Furthermore, we found that SKF 81297 stimulation in a 37 Ϯ 5% (mean Ϯ SE, n ϭ 3) decrease in the coimmunoprecipitation of NMDA receptors by the D1 decreased the number of NMDA receptors expressed on cell surface, and that the SKF effect could be blocked receptor antibody. SKF 81297 stimulation did not significantly alter either the initial levels of solubilized protein by coexpressing the D1-t3 mini-gene, but not by the D1-t2 mini-gene ( Figure 2D ), suggesting that the obor the levels of directly immunoprecipitated proteins. Since the associations between D1 and NMDA receptors served D1 modulation of NMDA currents may be due to a decrease of NMDA receptor number on the cell are mediated by two separate protein-protein interactions, we next examined which interaction was affected surface. by D1 stimulation. After SKF 81297 treatment, we found 37 Ϯ 2% (mean Ϯ SE, n ϭ 3) decrease in the coimmuno-D1 Modulation of NMDA Current in Hippocampal precipitation of NR1-1a subunits with the D1 receptor Culture Neurons antibody in Cos-7 cells coexpressing D1 and NR1-1a
To examine the D1:NMDA receptor interactions in a relesubunits ( Figure 1H , middle). However, the coimmunovant cellular milieu, primary rat hippocampal and striatal precipitation of the NR2A subunit with the D1 receptor neurons were utilized in parallel experiments. As shown antibody, in Cos-7 cells coexpressing D1 and NR2A
in Figure 3A , application of SKF 81297 significantly inhibsubunits, was not affected ( Figure 1H Figure 4B , the D1 receptor protective effects of D1-t3 peptide to block the D1 protective effects on NMDA induced apoptosis delineates different pathways on NMDA induced apoptosis could not be blocked by , n ϭ 3) . Surprisingly, we also found that SKF 81297 applications
The regulation of NMDA receptors has important functional consequences given the role of NMDA receptors not only significantly increased the association of PI-3 kinase with NR1 subunits by 62 Ϯ 5% (mean Ϯ SE, n ϭ in synaptic plasticity and excitotoxicity. As illustrated in Figure 7 , we have now identified two distinct protein-3) in cotransfected Cos-7 cells and by 50 Ϯ 7% (mean Ϯ SE, n ϭ 3) in hippocampal neurons (Figure 6 , middle protein interactions between D1 and NMDA receptors that regulate NMDA functions. Two regions of the D1 and bottom), but also increased PI-3 kinase activity, Cell-ELISA assays (colorimetric assays) were done essentially as Eluates were separated by SDS-PAGE and visualized by autoradiogpreviously described (Man et al., 2000) . In brief, the same density of raphy.
HEK-293 cells cotransfected with cDNAs encoding various receptor constructs were treated with SKF-81297 and fixed in 4% paraformaldehyde for 10 min in the absence (non-permeant conditions) or Apoptosis Detection and Fluorescence Microscopy Apoptosis detection and fluorescence microscopy were essentially the presence (permeant conditions) of 1% Triton X-100. Cells were incubated with a monoclonal antibody against Flag epitope (Sigma; performed as previously described (Lee et al., 2001) . Briefly, HEK-293 cells coexpressing D1, NR1-1a/2A subunits, or where indicated, 1 g/ml to detect the Flag epitope inserted into the N terminus of NR1 subunit) for the purpose of labeling the receptors on the cell were treated for 20 min with either 10 M SKF 81297 or control vehicle followed by the induction of apoptosis as previously desurface under non-permeabilized conditions or the entire receptor pool under permeabilized conditions. After incubation with correscribed (Sattler et al., 1999). Apoptotic cells were detected using the ApoAlert MitoSensor Kit (Clontech), which detects alterations sponding HRP-conjugated secondary antibodies, HRP substrate OPD was added to produce a color reaction that was stopped with in mitochondrial membrane potentials upon induction of apoptosis (Green and Reed, 1998) . After treatment with the ApoAlert Mito-3N HCl. The rate of cell surface expression of NR1 was presented as the ratio of colorimetric readings under non-permeabilized condiSensor reagent for 20 min at 37ЊC, cells were subsequently examined under a fluorescence microscope (Leica DM1RB) with comtions to those under permeabilized conditions and then normalized to their respective control groups. Analysis was done using at least puter image capture capability. The proportion of healthy to apoptotic cells was quantified using image capture software (MCID 6-12 separate dishes in each group. Coimmunoprecipitation, affinity pull-down, blot overlay assay, 5.1, Imaging Research Inc.) with the capacity for automatic target detection, identifying fluorescing images through defined optical and Western blot analyses were performed as previously described in our group (Liu et al., 2000). density and spatial criteria parameters.
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